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(54) PRIME ELCTRIC MOTOR APPARATUS FITTED WITH DETERIORATION DIAGNOSTIC 
APPARATUS 

(57)Abstract: 

PROBLEM TO BE SOLVED: To enable efficient operation and to 
prevent a fault by disgnosing deterioration of lubricating oil of an 
engine and a battery by using an optical sensor, and displaying 
its result. 

SOLUTION: An incident light from the light emitting diode of a 
light source 9 passes the inside of an optical fiber cable 8, and 
its transmitted light intensity is detected by a photodetecting unit 
10. And the transmitted light intensity of the incident light from 
the semiconductor laser 9 is measured. Besides, a reflected light — J 
from the coil surfaces of a motor 3 is received and detected by 
the photodetecting unit 10 to measure the reflected light intensity 
of the incident light. In a controlling/computing unit 11, 
deterioration of lubricating oil of an engine 1 is computed as a 
converted time from the relational figure between the 

deterioration of the lubricating oil and each of a light transmission loss and a light transmission loss 
difference stored beforehand, and displayed by alarm lamps 13. On the other hand, deterioration of a 
cojUg c Q!T!P."ted gs from the relational figure between the deterioration of the coil 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3 .In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention diagnoses whenever [ the electrolytic solution's of coil /, such as engine 
lubrication oil, a motor, and a generator, / and battery degradation ] using an optical sensor, and relates to original 
********** possessing the equipment which displays the result. 
[0002] 

[Description of the Prior Art] The electrolytic solution of engine lubrication oil, a motor coil, and a battery is used for 
original ********** using an engine with easy supply of a fuel, and the motor using electrical energy, and each 
deteriorates by activity. Then, managing [ of the electrolytic solution ] becomes management of an engine oil is 
important for engine life extension, and important for the life of a battery. Moreover, management of the insulating 
property of a coil is important for the life of a motor. If an engine oil becomes more than predetermined mileage, they 
are to be exchanged conventionally. For example, mileage is about 3,000km. Dirt extent of the oil which adhered 
[ whether it exchanges and or not ] at the head of an oil gauge after predetermined distance transit was judged visually 
etc., and the right or wrong of exchange were judged. Moreover, the actual condition is that there is no effective means 
to manage an exchange stage, to a motor or a battery. 
[0003] 

[Problem(s) to be Solved by the Invention] By judging whenever [ engine-oil, insulating resin / of a coil /, and the 
electrolytic solution's of battery degradation ] using an optical sensor, and grasping an exchange stage proper, this 
invention is enabling efficient operation and preventing failure beforehand, and is to offer original ********** which 
prevents the occurrence of accident, such as a traffic accident, beforehand. 
[0004] 

[Means for Solving the Problem] The result to which this invention persons considered the relation between whenever 
[ degradation / of engine lubrication oil ], and the light transmission loss spectral characteristics of the hit by the unit 
length in a near-infrared region, Buildup of the light transmission loss by the side of near-infrared short wavelength has 
the value of the amount of sludges (the amount of insoluble solution components), kinematic viscosity, and the total 
acid number, and correlation, The degradation diagnostic equipment which can check that whenever [ degradation ] can 
be measured and the part to diagnose to accuracy was found out from whenever [ measuring / whenever / degradation /- 
from change of surface reflected light reinforcement of motor coil, and the battery electrolytic solution's degradation ], 
and change of the light transmission loss in a near-infrared region. 

[0005] That is, the summary of this invention is as follows. The exposure light from the homogeneous-light light 
source is drawn using the transparent material for an exposure into the front face of oil, the coil insulation section, and 
the electrolytic solution, or bulk, transparency distance a The outgoing radiation light from this transparent material for 
an exposure After penetrating the inside of the becoming oil and the electrolytic solution, It is led to a light sensing 
portion after incidence at the transparent material for light-receiving countered and installed, and the light transmission 
loss difference (deltaalpha, dB/mm) for light transmission loss (alpha, dB/mm) and two waves of the hit by unit length 
is calculated in control and operation part. The degradation diagnostic approach and equipment of the oil and the 
electrolytic solution which are characterized by judging whenever [ degradation ] by carrying out the comparison 
operation of the relation (master curve) between whenever [ this oil and the electrolytic solution's which were 
memorized further beforehand degradation ], light transmission loss, and a light transmission loss difference, To the 
transparent material for light-receiving which irradiated the outgoing radiation light from this transparent material for 
an exposure on the coil front face, countered and installed the reflected light from a coil front face, after incidence, It is 
led to a light sensing portion and the reflective absorbance difference (deltaAlambda) or reflective extinction quotient 

http : //www4 . i pdl j po. go.j p/cgi -bin/tran_web_cgi_ej j e 3/21 /04 



Page 2 of 5 



(Alambda') for a reflective absorbance and two waves is calculated in control and operation part. It is in original 
********** possessing the coil degradation diagnostic approach and equipment which are characterized by judging 
whenever [ degradation ] by carrying out the comparison operation of the relation (master curve) between whenever 
[ this individual coirs memorized further beforehand degradation ], a reflective absorbance, a reflective absorbance 
difference, and a reflective extinction quotient. 

[0006] in addition, the semiconductor laser (LD) or light emitting diode (LED) which has with a 635nm or more 
wavelength [ 1550nm or less ] peak wavelength as said homogeneous-light light source acquisition — it is easy, and 
the life of the engine performance is also stable for a long time, and suitable. LD, such as 635, 650, 670, 700, 785, 800, 
820, 830, 850, 870, 940, 950, 1300, and 1310, 1550, etc.nm, and LED are especially suitable. In the light source of 
wavelength other than the above-mentioned field, while whenever [ degradation / of oil etc. ] is comparatively small, 
the photodetector in a light sensing portion may serve as over range, and it may become impossible measuring the 
strength of the light it. 

[0007] The engine which a fuel is burned and operates is original ****** which uses a gasoline, gas oil, LPG, and a 
methanol as a fuel, and original ********* * s are the automobile and marine vessel which combined the dynamo- 
electric means which pass a current in a coil and drive a motor, and an engine, a motorbike, etc. What rechargeable 
batteries, such as Li ion, nickel and hydrogen, Pb, MCFC, and NaS, were used, in addition used the solar battery, the 
capacitor, etc. as a battery used as a power source is used. There is a high Brit vehicle of the parallel mold which 
connects the series mold and engine which carry an engine as shown in drawing 1 and drawing 2 as an object for 
automobiles as an object for a generation of electrical energy, and a motor, or the SHIRIPARA mold which combined 
both. 

[0008] Generally, whenever [ oil or the electrolytic solution's degradation ], and the light transmission loss spectrum of 
the hit by the unit length in a near-infrared region are represented with change as shown by drawing 6 . Since these 
light transmission loss spectrums are not influenced of measurement temperature, the same value is acquired also for 
the measurement in the time of the commencement-of-work inspection before operation, or the measurement under 
operation. Here, if it sees with the light transmission loss difference for two waves, in early stages, about the inclination 
between A-A f , degradation (inside) will show the inclination between B-B f , degradation (size) will show the inclination 
between C-C, and the inclination becomes large with progress of degradation. Furthermore, when its attention is paid 
to light transmission loss of a base value, since the magnitude of the peak near A', B f , and C (higher-harmonic 
absorption peak of C-H coupling) is not changing, the light-scattering loss (the so-called Mie scattering) accompanying 
the effect of a sludge etc. will increase in the order of A 1 , B', and C, and the amount of insoluble solution components 
can be detected. 

[0009] Furthermore, although four sorts of initial oil shown here under the effect of an additive although the light 
transmission loss spectrum of a system engine oil and the initial article (fresh oil) 25 with which various operating 
conditions differ was shown in drawing 7 is presenting a different color, in the field 700nm or more, the light 
transmission loss spectrum completely shows the same value. That is, if near-infrared light is used, it can be said that it 
can diagnose without being influenced of different-species oil. As an example, related drawing of the light transmission 
[ drawing / of the light transmission loss in 13 lOnm of the engine oil of various real vehicles by which mileage and a 
type of a car differ from an operating condition, and the kinematic viscosity in 40 degrees C / related ] loss difference 
for 950nm and 13 lOnm, and a total acid number value is similarly shown in drawing 16 at drawing 15 . It turns out that 
each parameter has light transmission loss, and a light transmission loss difference and good correlation. 
[0010] The activity of the optical sensor which evaluates the amount of the carbon particle contained in [ other than the 
above-mentioned approach ] oil by reinforcement of the evanescent wave which changes with particle concentration in 
a degradation diagnosis of oil, the equipment which evaluates whenever [ degradation ] by one wave corresponding to a 
degradation pattern from the absorbance value using two waves of light sources, the light and near-infrared light, is also 
possible. 

[001 1] Moreover, whenever [ motor coil's degradation ], and change of a reflective absorbance spectrum are 
represented with change as shown by drawing 10 . A reflective absorbance shows a remarkable increment by the short 
wavelength side of a visible region with degradation like this drawing. The increment in the reflective absorbance by 
the side of this short wavelength mainly originates in buildup of the electron transition absorption loss by the thermal 
oxidation degradation reaction of an ingredient. Moreover, since reflective absorbance Alambda comes to increase like 
a short wavelength side with buildup of whenever [ degradation ], the reflective absorbance difference deltaAlambda (= 
Alambdal-Alambda2) for two waves of arbitration or reflective extinction quotient Alambda' (= Alambdal / 
Alambda2) increases similarly. Here, it is lambdal<lambda2. For example, in drawing 10 , the relation between alphal, 
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alpha2, alpha3, then alphal>alpha2>alpha3 is materialized sequentially from the large ingredient of whenever 
[ degradation ] in the reflective absorbance difference deltaAlambda between wavelength lambda 1 (nm) and 
wavelength lambda 2 (nm). The same thing can be said also to reflective extinction quotient Alambda'. 
[0012] The sensor section which consists of same ingredients as an insulating material in the equipment which uses a 
photosensor and evaluates whenever [ degradation ] by lightness and the chromaticity in addition to the above, and the 
exposure light drawn with the optical fiber can be made to be able to penetrate, and the color specification operation 
diagnostic equipment by the chromaticity or chromaticity difference based on the L*a*b color coordinate system by the 
transmitted light method which detects this transmitted light through the optical fiber for light-receiving etc. can be 
used. 

[0013] Since it has the parameter and correlation from which change of the light transmission loss accompanying this 
degradation and a reflective absorbance serves as a scale which shows whenever [ said oil or electrolytic solution, and 
coirs degradation ], physical-properties lowering of oil, the electrolytic solution, and a coil can be diagnosed only by 
measuring light transmission loss and a reflective absorbance. 

[0014] Moreover, as for whenever [ degradation ], expressing with the conversion time amount theta is common as 
indicated by JP,3-226651,A. Even if it is the ingredient which has various degradation hysteresis by expressing with 
the conversion time amount theta, if theta is equal, it means that it is whenever [ same degradation ]. The conversion 
time amount theta is defined by (1) type. 
[0015] 
[Equation 1] 

Theta=txexp (-deltaE/RT) - (1) 

Here, the activation energy (J/mol) with which deltaE applies only degradation, and R are [ the absolute temperature 
(K) of degradation and t of a gas constant (J/K/mol) and T ] degradation time amount (h). deltaE of oil and coil 
degradation is easily computable with an Arrhenius plot. Furthermore, it is the conversion time amount in the life point 
of the oil and the coil for which it asked beforehand theta 0 Then, difference deltatheta with the conversion time 
amount theta found from location survey becomes the conversion time amount equivalent to life expectancy, and 
becomes the scale of a judgment whenever [ degradation ]. That is, life-expectancy deltatheta (h) is expressed with (2) 
types. 
[0016] 
[Equation 2] 

deltatheta (=theta0-theta) - (2) 

_(2) If the oil after time amount t and the average service temperature conditions of a coil become settled from a 
formula, it can also ask for time amount del tat (= tO-t) of each life expectancy. 
[0017] 

[Embodiment of the Invention] The example of this invention is explained with reference to a drawing. However, this 
invention is not limited to these examples. 

[0018] (Example 1) Drawing 1 - drawing 3 are the mimetic diagrams showing the application gestalt of the degradation 
diagnostic equipment of the lubrication oil of the engine of a high Brit vehicle, the insulating resin of a coil, and the 
electrolytic solution of a battery. Moreover, the flow chart of the operation for a judgment is shown in drawing 13 
whenever [ degradation ]. In drawing 1 , control and operation part 1 1 consist of a microprocessor which built in the 
memory for measurement data storage, and read-only memory, and is performed to the change of light source 
wavelength, light-receiving measurement on the strength, and an operation. In this example, explanation with the 
equipment which used two waves is given. Measurement used a lambdal=950nm light emitting diode (LED) and 
lambda2=13 lOnm semiconductor laser (LD) as the light source whenever [ degradation / of oil ]. First, the reference 
light reinforcement (10, lambda) of each light source wavelength is measured. The incident light 20 from lambda 1 
passes along the inside of a fiber optic cable 8, and is led to the transparency mold probe 16. The transparency mold 
probe 16 has the internal structure as shown in drawing 4 , and incident light 20 transmits the inside of the transparent 
material 23 formed in the transparency mold probe 16, and it reaches a slit 22. A slit 22 is 1 .0mm of optical path 
lengths at this example. Although set up, it is adjustable to 0.5-2.0mm. After penetrating the oil 15 currently filled in 
the slit, incidence of transmitted light 21 ! is again carried out into the transparent material 23 countered and installed, 
and it is led to a light sensing portion 10. The transmitted light reinforcement (Ilambdal) in lambda 1 is detected by the 
light sensing portion 10, and it calculates and memorizes as light transmission loss by control and operation part 1 1. 
The transmitted light reinforcement (Ilambda2) to the incident light 20 from lambda 2 is measured similarly, and it 
calculates and memorizes as light transmission loss of lambda 2 by control and operation part 11. In control and 
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operation part 1 1, whenever [ degradation / of oil ] is computed as conversion time amount from related drawing 
(master curve) with degradation, the light transmission loss, and the light transmission loss difference of oil which were 
memorized beforehand as shown in drawing 8 and drawing 9 , and a result is displayed on the alarm lamp currently 
installed in in the car. 

[0019] Moreover, measurement used semiconductor laser (lambdal=650nm and lambda2=830nm) (LD) as the light 
source whenever [ coil's degradation ]. First, the reference light reinforcement (10, lambda') of each light source 
wavelength is measured. The incident light 20 from lambda 1 passes along the inside of a fiber optic cable 8, and is led 
to the reflective mold probe 1 8. The reflective mold probe 18 has the internal structure as shown in drawing 5 , and 
incident light 20 transmits the inside of the transparent material 23 formed in the reflective mold probe 18, and it is 
irradiated by the coil front face 17. The transparent material 23 countered and installed receives 21" of reflected lights 
from the coil front face 17, and it is led to a light sensing portion 10. The reflected light reinforcement (Ilambdar) in 
lambda 1 is detected by the light sensing portion 10, and it calculates and memorizes as a reflective absorbance by 
control and operation part 11. The reflected light reinforcement (Ilambda2') to the incident light 20 from lambda 2 is 
measured similarly, and it calculates and memorizes as a reflective absorbance of lambda 2 by control and operation 
part 1 1. In control and operation part 11, whenever [ coil's degradation ] is computed as conversion time amount from 
related drawing (master curve) with degradation of a coil, reflective absorbance difference, and reflective extinction 
quotient which were memorized beforehand as shown in drawing 1 1 and drawing 12 , and a result is displayed on the 
alarm lamp currently installed in in the car. 

[0020] Furthermore, semiconductor laser (lambda 1 =63 5nm and lambda2=830nm) (LD) was used as the light source, 
and also measurement was performed [ whenever / the electrolytic solution's degradation ] like measurement whenever 
[ degradation / of oil ]. 

[0021] In addition, this inspection serves as a system which operates as an after [ engine start up ] self-check function. 
[0022] (Example 2) Drawing 3 is the mimetic diagram showing the application gestalt of the oil of a marine vessel, a 
coil, and electrolytic-solution degradation diagnostic equipment. The example at the time of using the transparency 
mold probe 16 of the internal structure shown in drawing 14 is explained. In this example, a lambdal=940nm light 
emitting diode (LED) and lambda2=1550nm semiconductor laser (LD) were used as two waves of light sources. First, 
the reference light reinforcement (10, lambda) of each light source wavelength is measured. The incident light 20 from 
lambda 1 passes along the inside of a fiber optic cable 8, and is led to the transparency mold probe 16. Incident light 20 
transmits the inside of the transparent material 23 formed in the transparency mold probe 16, and reaches a slit 22. A 
slit 22 is 0.5mm of optical path lengths at this example. It is set up. After penetrating the oil 15 currently filled in the 
slit, incidence of transmitted light 2 1 1 is again carried out into the transparent material 23 countered and installed, and it 
is led to a light sensing portion 10. The transmitted light reinforcement (Ilambdal) in lambda 1 is detected by the light 
sensing portion 10, and it calculates and memorizes as light transmission loss by control and operation part 11. The 
transmitted light reinforcement (Ilambda2) to the incident light 20 from lambda 2 is measured similarly, and it 
calculates and memorizes as light transmission loss of lambda 2 by control and operation part 1 1 . In control and 
operation part 1 1, whenever [ degradation / of oil ] is computed as conversion time amount from related drawing 
(master curve) with degradation, the light transmission loss, and the light transmission loss difference of oil which were 
memorized beforehand as shown in drawing 8 and drawing 9 , and a result is displayed on the alarm lamp currently 
installed in the marine vessel. 

[0023] Moreover, measurement used semiconductor laser (lambdal=635nm and lambda2=800nm) (LD) as the light 
source whenever [ coil's degradation ]. First, the reference quantity of light (10, lambda') of each light source 
wavelength is measured. The incident light 20 from lambda 1 passes along the inside of a fiber optic cable 8, and is led 
to a probe 18. Incident light 20 transmits the inside of the transparent material 23 formed in the probe 18, and is 
irradiated by the coil front face 17. The transparent material 23 countered and installed receives the reflected light from 
the coil front face 17, and it is led to a light sensing portion 10. The reflected light reinforcement (Ilambdal') in lambda 
1 is detected by the light sensing portion 10, and it calculates and memorizes as a reflective absorbance by control and 
operation part 11. The reflected light reinforcement (Dambda2') to the incident light 20 from lambda 2 is measured 
similarly, and it calculates and memorizes as a reflective absorbance of lambda 2 by control and operation part 1 1. In 
control and operation part 1 1, whenever [ coil's degradation ] is computed as conversion time amount from related 
drawing (master curve) of the degradation of a coil and the reflective absorbance which were memorized beforehand as 
shown in drawing 1 1 and drawing 12 , and a result is displayed on the alarm lamp currently installed in the marine 
vessel. In addition, this inspection serves as a system which operates as an after [ engine start up ] self-check function. 
[0024] (Example 3) Only oil degradation diagnostic equipment explains an application gestalt by the mimetic diagram 
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shown in drawing 1 . In this example, a lambdal=850nm light emitting diode (LED) and lambda2=1550nm 
semiconductor laser (LD) were used as two waves of light sources. First, the reference light reinforcement (10, lambda) 
of each light source wavelength is measured. The incident light 20 from lambda 1 passes along the inside of a fiber 
optic cable 8, and is led to the transparency mold probe 16. The transparency mold probe 16 has the internal structure 
as shown in drawing 14 , and incident light 20 transmits the inside of the transparent material 23 formed in the 
transparency mold probe 16, and it reaches a slit 22. A slit 22 is 1.5mm of optical path lengths at this example. It is set 
up. After penetrating the oil 15 currently filled in the slit, incidence of transmitted light 2V is again carried out into the 
transparent material 23 countered and installed, and it is led to a light sensing portion 10. The transmitted light 
reinforcement (Ilambdal) in lambda 1 is detected by the light sensing portion 10, and it calculates and memorizes as 
light transmission loss by control and operation part 11. The transmitted light reinforcement (Ilambda2) to the incident 
light 20 from lambda 2 is measured similarly, and it calculates and memorizes as light transmission loss of lambda 2 by 
control and operation part 1 1. In control and operation part 11, whenever [ degradation / of oil ] is computed as 
conversion time amount from related drawing (master curve) with degradation, the light transmission loss, and the light 
transmission loss difference of oil which were memorized beforehand as shown in drawing 8 and drawing 9 , and a 
result is displayed on the alarm lamp currently installed in in the car. In addition, this inspection serves as a system 
which operates as an after [ engine start up ] self-check function. 

[0025] (Example 4) Only coil degradation diagnostic equipment explains an application gestalt by the mimetic diagram 
shown in drawing 1 . Semiconductor laser (lambdal=670nm and lambda2=785nm) (LD) was used as the light source. 
First, the reference quantity of light (10, lambda') of each light source wavelength is measured. The incident light 20 
from lambda 1 passes along the inside of a fiber optic cable 8, and is led to the reflective mold probe 18. Incident light 
20 transmits the inside of the transparent material 23 formed in the probe 18, and is irradiated by the coil front face 17. 
The transparent material 23 countered and installed receives the reflected light from the coil front face 17, and it is led 
to a light sensing portion 10. The reflected light reinforcement (Ilambdar) in lambda 1 is detected by the light sensing 
portion 10, and it calculates and memorizes as a reflective absorbance by control and operation part 11. The reflected 
light reinforcement (Ilambda2') to the incident light 20 from lambda 2 is measured similarly, and it calculates and 
memorizes as a reflective absorbance of lambda 2 by control and operation part 1 1. In control and operation part 1 1, 
whenever [ coil's degradation ] is computed as conversion time amount from related drawing (master curve) of the 
degradation of a coil and the reflective absorbance which were memorized beforehand as shown in drawing 1 1 and 
drawing 12 , and a result is displayed on the alarm lamp currently installed in in the car. In addition, this inspection 
serves as a system which operates as an after [ engine start up ] self-check function. 
[0026] 

[Effect of the Invention] Since according to this invention whenever [ engine lubrication oil, insulating resin / of a 
motor coil /, and the electrolytic solution's of battery degradation ] can improve [ precision ] a degradation diagnosis, 
without being influenced of measurement temperature, an early color, etc. and oil, a coil, and the electrolytic solution 
can be exchanged before a life by this, the accident by the sudden death of original ********** e tc. can be prevented 
beforehand. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The mimetic diagram showing the application gestalt of the oil of a series high Brit system vehicle, a coil, 
and electrolytic-solution degradation diagnostic equipment. 

Prawing 2] The mimetic diagram showing the application gestalt to a parallel high Brit system vehicle. 

[Drawing 3] The mimetic diagram showing the installation mode of a probe. 

[Drawing 4] Internal structural drawing of a transparency mold probe intrinsic-light sensor. 

[Drawing 5] Internal structural drawing of a reflective mold probe intrinsic-light sensor. 

[Drawing 6] Change of the light transmission loss spectrum accompanying degradation. 

[Drawing 7] The light transmission loss spectrum of a system engine oil and fresh oil with which various operating 
conditions differ. 

[Drawing 8] The example of the diagnostic master curve which made light transmission loss the parameter. 
[Drawing 9] The example of the diagnostic master curve which made the light transmission loss difference the 
parameter. 

[Drawing 10] Change of the reflective absorbance spectrum accompanying degradation of a coil. 

[Drawing 11] The example of the diagnostic master curve which made the reflective absorbance difference the 

parameter. 

[Drawing 12] The example of the diagnostic master curve which made the reflective extinction quotient the parameter. 
[Drawing 13] It is the flow chart of the diagnosis for a judgment whenever [ degradation ]. 
prawing 14] Internal structural drawing of a transparency mold probe intrinsic-light sensor. 

[Drawing 15] Related drawing of the light transmission loss and kinematic viscosity of a system engine oil from which 
various operating conditions differ. 

[Drawing 16] Related drawing of the light transmission loss and the total acid number of a system engine oil from 
which various operating conditions differ. 
[Description of Notations] 

1 [ - An inverter, 51- Battery, ] - An engine, 2 - A generator, 3 - A motor, 4 6 [ — Light source section, ] - A 
reducer, 7 - Diagnostic equipment, 8 - A fiber optic cable, 9 10 [ - Alarm lamp, ] - A light sensing portion, 1 1 ~ 
Control and operation part, 12 - A meter panel, 13 14 - change gear, 15 - oil, and 16 - a transparency mold probe, 17 
- coil, a 18 - reflective mold probe, and 19 - the electrolytic solution, 20 - incident light, the 21'-- transmitted light, 
and 21 - " - reflected light, 22 - slit, and 23 - a transparent material, 24 - light masking section, and the initial 
elegance of 25 -. 
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